Tb
Bouse Formation (Pliocene) Bedded green clay, tan siliceous claystone, and tan to pinkish sandstone, with minor green nodules and yellowish-brown and white concretions. North of Powell Peak in sec. 19, T. 16 N., R. 20 W., basal white marl 3-4 m thick overlies pre-Tertiary rocks and dips 15° north. Drilled thickness of the Bouse between overlying gravels and underlying fanglomerate in two wells in north-central part of map area is 77 m (sec. 11, T. 16 N., R. 20 1/2 W) and 57 m (sec. 14, T. 16 N., R. 20 1/2 W) (Metzger andLoeltz, 1973) .
Tst
Sedimentary rock and tuff (middle and early? Miocene) In southeastern part of map area. Well-bedded sandstone, poorly sorted sandy conglomerate, and interbeds of tuff. Conglomerate pebbles and rarer cobbles include angular to subangular volcanic rocks of mafic and intermediate composition, and locally, rounded boulders derived from Peach Springs Tuff. About 1.5 km northwest of Yucca Mine (SW corner sec. 8, T. 15 N., R. 20 W.), unit is coarsely-bedded to massive sandstone, pebbly sandstone, conglomeratic sandstone, and cobble to boulder conglomerate, probably deposited as mud flows and debris flows on irregular erosional surface. In lower part of unit, subangular to subrounded clasts are predominantly derived from basalt, pumice, and Peach Springs Tuff; upper part contains a greater proportion of gneiss and granite clasts. Sandy matrix is at least 50% pumice, and also contains quartz grains and feldspar crystals. Layers in lower part vary from coarse sandstone to matrix-supported conglomerate, with clast sizes coarsening upward; many large blocks are oriented with long axes vertical. Some clast-supported pebbleconglomerate is entirely volcaniclastic, composed largely of fragments of oxidized and fresh basalt mixed with lightcolored pumice, probably reworked from lapilli tuff deposits. Northeast of Yucca Mine, a thick lens of massive matrix-supported conglomerate, possibly a lahar deposit, consists of subrounded boulders of Peach Springs Tuff more than 1 m across and large cobbles and boulders of basalt and other volcanic rock types. This lens is overlain by well-bedded coarse sandstone and conglomeratic sandstone, mostly volcaniclastic. Above, in upper part of unit, matrix contains abundant rounded quartz sand in addition to dominant volcanic grains; gneiss and granite clasts may be as abundant as volcanic rock types and the content of basement clasts larger than 10 cm is greater than in lower part of the unit. Locally interleaved with adjacent gneisses or extends many apophyses into gneisses. Veins, alteration, and intrusive breccia originating from the Borrow Pit body affect the diorite of Topock (Kt), indicating that the diorite of Topock is older. Powell Peak Pluton shows chilled fine-grained porphyritic textures against the hornblende-biotite granodiorite (Kch). Also intrudes the diorite (Kwd). Southeast of Powell Peak, has thin, gently east-southeast-dipping mylonitic gneiss zone exhibiting northeast-trending lineation. K-Ar age of biotite from small body 1 km west of Powell Peak (sample H81MH-154) is 72.0 ±1.8 Ma (Nakata and others, 1990) . Correlated with biotite granodiorite unit (John, 1987b, John and John (1987b; John and Wooden, 1990) . In thickest (45 m) sheet the plagioclase grains are locally concentrated in patches near the southwest side inferred to be the original top, and are as long as 10 mm (NW 1/4 sec. 25, T 16 N, R 20 1/2 W). Correlated with diabase widely distributed across Arizona and southeastern California dated about 1.1 Ga (Howard, 1991; Hammond, 1991) John (1987b) and by Howard and others (1990, in press) (Fig. 1) . The map area lies along the Colorado River and in the northwestern Mohave Mountains of Arizona, just east and northeast of the Chemhuevi Mountains of California. Field guides to parts of the area and its environs were presented by Nielson (1986) , Howard and others (1987) , John and Howard (1994) , and Howard and others (1994) .
LATE CENOZOIC STRUCTURAL FRAMEWORK
The area lies within the 100-km wide Colorado River extensional corridor. Extreme crustal extension along this corridor dominates the late Cenozoic deformational history of the eastern Mojave and western Sonoran Deserts (Fig. 1) . Large-scale Miocene extension of the upper and middle crust in the corridor was accomplished along northeast-dipping brittle low-angle normal faults, often called detachment faults. These faults cut gently downsection in the northeast direction of tectonic transport from a breakaway 50 km west of the Topock quadrangle . Detachment faults are exposed around domal core complexes in the central part of the corridor, including the Chemehuevi Mountains immediately west of the area of this map (John, 1987a, b) . Transport direction of the upper plate of each fault, where known, was to the northeast. Cumulative slip on the fault system increases to the northeast across the corridor and totals an estimated 40-75 km (stretching factor B=1.7 to 4) Hillhouse and Wells, 1991) . Regional field relations indicate that the basal detachment fault(s) cut initially to depths of 10 to 15 km, based on the paleothickness of the Crossman block in the Mohave Mountains (Fig. 1) , a hanging-wall block above the regionally developed Chemehuevi and Whipple detachment faults. The fault system is rooted 30-50 km east of the Topock quadrangle under the little-deformed Hualapai Mountains and Colorado Plateaus Howard and others, 1990) . Miocene extension in this region therefore occurred along an east-rooted, asymmetric shear system in the upper and middle crust .
Tilted Fault Blocks
Tectonic extension of Miocene age in the Colorado River extensional corridor produced tilting, detachment faulting, and structural disruption in the map area. The affected rocks include Miocene volcanic and sedimentary deposits and their basement substrate of Proterozoic and Cretaceous intrusive and metamorphic rocks. The Devils Elbow Fault and the deeper, younger Chemehuevi Detachment Fault project eastward below the map area from exposures in Topock Gorge and the Chemehuevi Mountains (John, 1987a,b) . Two adjacent tilted fault blocks called the Jackpot and Tumarion blocks lie above the Devils Elbow fault in the map area (Fig.  1) . The blocks are separated by a northeast-striking system of steep transfer faults, the Gold Dome Fault zone . A structurally higher low-angle fault on the east side of the map area, the Powell Peak Fault, superposes yet higher structural slices (Boulder Mine and Yucca Mine area) over the Tumarion block (Howard and others, 1982, in press ).
All the major fault blocks in the map area are probably steeply tilted (about 90°) to the southwest. The amount of tilting is deduced from the steep southwest to locally-overturned dips of nonconformably overlying early Miocene rocks in nearby areas, and on the persistently nearvertical dip and northwest strike of Proterozoic diabase sheets that intrude basement gneisses . The diabase sheets elsewhere across southern California and Arizona were shown to restore mostly to subhorizontal orientations because they tend to lie parallel to overlying strata of Proterozoic to Tertiary age (Howard, 1991) . Measured attitudes of diabase sheets in the map area are approximately parallel to structurally intact basal Tertiary strata deposited on the basement blocks at the south end of the map area and in adjacent areas to the west and east. Like the basal strata, therefore, the diabase sheets were subhorizontal before tilting in the Miocene. The uniform orientations of the diabase sheets indicate that the basement blocks were tilted to the southwest approximately 90°. Because of the vertical tilting, the fault blocks expose natural cross sections of plutons and dike swarms.
Miocene Folds
The Topock quadrangle is one of several areas in the southern Basin and Range province that displays plunging folds where layered cover rocks are folded above fault offsets in deeper unstratified rocks (Howard and John, 1991, 1997) . John and Howard (1994) and Howard and John (1997) interpreted these folds as forced (draped) above growing faults at the edges of basement blocks as the blocks tilted and segmented above deeper detachments during the progress of tectonic extension.
The relatively thin cover of Miocene sedimentary and volcanic rocks drapes over and around fractured and tilted basement rocks at the south corner of the Tumarion block (Howard and John, 1997) . The result is a complexly faulted south-plunging anticline in the Miocene rocks at this corner. The folding of cover units contrasts with the homoclinal tilt of underlying basement shown by the uniform orientation of diabase sheets. The folded cover rocks include massive volcanic flows that lack internal angular unconformities. Depositional contacts in the lower part of the cover sequence are commonly sheared. Bedding-parallel faults attenuate the fold limb that overlies the Powell Peak fault, indicating that flexural slip helped accommodate folding.
A second style of folding is recorded by two gently-plunging southeast-striking synclines in the Miocene rocks in the southeast part of the map area. The southern syncline lies in the hangingwall of a down-to-the-northeast normal fault. The southwest-facing limb of this syncline can be viewed as the cap of a tilted domino-like block. The northeast-facing limb probably resulted from normal drag on the underlying fault.
Timing of Extension
Crustal stretching in the region began about 23 Ma, based on K-Ar ages of the oldest volcanic units in the synextensional Tertiary basins (Brooks and Martin, 1985; Spencer and Reynolds, 1991; Nielson, 1993; Howard and others, 1993) , crystallization ages of the oldest synextensional plutons in the lower plate of core complexes (Wright and others, 1986; Foster and others, 1990) , and the oldest 40Ar/39Ar cooling ages related directly to denudation of footwall rocks (Foster and others, 1990; John and Foster, 1993) . The period of rapid extension that led to formation of the metamorphic core complexes and adjacent basins in this region ceased by about 13-14 Ma, based on the age of untilted volcanic rocks and on thermochronology in the basement rocks Davis and Lister, 1988; Richard and others, 1990; others, 1990, 1991; Spencer and Reynolds, 1991; Simpson and others, 1991; John and Foster, 1993) .
PROTEROZOIC ROCKS
Early Proterozoic gneisses in the area form a complex assemblage dominated by metamorphosed granitic rocks, which enclose small bodies of amphibolite and metasedimentary gneiss. Except for younger augen gneiss, the rock units are probably 1.7 Ga or older based on regional geochronology (Wooden and Miller, 1990; Chamberlain and Bowring, 1990; Bryant and Wooden, 1991; Wooden and Dewitt, 1991) . The augen gneiss resembles rocks dated as 1.64 Ga in the Bill Williams Mountains by Wooden and Miller (1990) . The augen gneiss forms an elongate pluton. If 90° of Tertiary tilting is considered, the mapped exposure of this pluton represents the cross section of a thick dike-like body that deepens toward the northeast.
The Early Proterozoic metamorphic rocks are intruded by granite tentatively assigned to the Middle Proterozoic based on similarity to other granites in the region that are dated as 1.4 Ga (Anderson and Bender, 1989) . The granite in turn is intruded by younger diabase sheets correlated with 1.1-Ga diabase elsewhere in Arizona and California based on lithologic similarity and common original horizontal orientation (Howard, 1991) .
MESOZOIC PLUTONS
Rocks younger than Middle Proterozic and older than late Mesozoic are absent from the map area, but elsewhere in the region a sequence of shallow marine Cambrian to Permian strata are preserved that indicate tectonic stability through Paleozoic time (Stone and others, 1983) . Late Mesozoic plutonism and orogeny are known from many adjacent regions, and are recorded in the quadrangle by Cretaceous or probable Cretaceous granitoid plutons. These plutons include (1) diorite tentatively correlated with the Whale Mountain sequence of John (1987b) , (2) the undated distinctive diorite of Topock, and (3) younger biotite granodiorite correlated with the Chemehuevi Mountains Plutonic Suite of Late Cretaceous age that crops out in the Chemehuevi Mountains to the west (John, 1987b; John and Wooden, 1990; John and Mukasa, 1990) . In the map area the biotite granodiorite forms the Powell Peak Pluton in the Tumarion structural block and the Borrow Pit body in the Jackpot structural block. Both of these two plutons are elongate-upward bodies when 90° of Tertiary tilting is considered. By restoring Tertiary northeastward movement along the underlying detachment faults (John, 1987a) , the two plutons occupy cupola positions above the beheaded, authochthonous, sill-shaped Chemehuevi Mountains Plutonic Suite exposed in the Chemehuevi Mountains (John, 1988) .
A swarm of northeast-striking biotite lamprophyre dikes (TK1) of Cretaceous or Tertiary age cuts the Powell Peak pluton. If the dikes pre-date tilting of the Tumarion structural block, their restored, pre-tilt orientation becomes vertical and still strikes northeast. This orientation matches that of Laramide (Late Cretaceous-to early Tertiary-age) dikes in many parts of Arizona (Rehrig and Heidrick, 1976) . Irregular bodies and dikes of quartz porphyry (TKq) and of fine-grained granite (TKf) in the area are also assigned an age of either Cretaceous or Tertiary.
MIOCENE ROCKS RELATED TO TECTONIC EXTENSION
Volcanic and sedimentary rocks of Miocene age lie nonconformably upon and commonly are faulted against the pre-Tertiary crystalline rocks. The deformed Tertiary rocks are divided into three major lithologic sequences, from oldest to youngest, (1) a lower volcanic sequence, (2) the Peach Springs Tuff of Young and Brennan (1974) , and (3) a upper unit of sedimentary rock and tuff. In adjacent areas to the west and south, clastic deposition in the upper unit was controlled largely by the development of syntectonic hanging-wall structures above the developing detachment faults (Miller and John, 1988; 1993; John and Howard, 1994) .
The Miocene section is fragmentary but its stratigraphic thickness in the map area is estimated to be on the order of 1 km. Most of the faulted Tertiary volcanic rocks in the region around the Chemehuevi and Mohave Mountains are between 14 and 22 Ma in age Nielson and Beratan, 1990; Nakata and others, 1990; Nielson, 1993; Nielson and Beratan, 1995) .
The lower volcanic sequence broadly correlates with flows in the nearby Mohave Mountains that yielded an age (by the K-Ar method on whole-rock) of 19.8+0.6 Ma (Nakata and others, 1990) . The sequence is well exposed in the southeast part of the map area. Volcanic units vary laterally. They include andesitic to dacitic lahar agglomerate low in the section (and present here in a structurally isolated patch). Mafic and intermediate-composition flows lie at intermediate levels, and are overlain by a sequence of tuffs that interfinger abruptly with tuffaceous conglomerate and sandstone. The highest rocks consist of silicic tuff and basalt flows; dikes and sills cogenetic with these flows invade parts of the volcanic section.
The overlying Peach Springs Tuff is a regionally widespread ash-flow that Nielson and others (1990) dated at 18.5 + 0.2 Ma using 40Ar/39 Ar methods. The distinctive unit crops out prominently and forms an important stratigraphic marker.
The overlying unit of sedimentary rocks and tuff is mostly conglomerate and is greater than 80 m thick. Correlative rocks in nearby areas include landslide breccia, sandstone, and rare interbedded basalt flows in a sequence up to 2 km thick John, 1988, 1993; Nielson and Beratan, 1990; Nielson, 1993; John and Howard, 1994; Howard and others, in press ). These rocks were deposited during extensional deformation John, 1988, 1993) . In Topock Gorge just west of the map area, they unconformably overlie the Peach Springs Tuff with an angular discordance as great as 13° .
POST-EXTENSION DEPOSITS
Undefomed sedimentary deposits ranging in age from late Miocene to Holocene unconformably overlie the synextensional sequences. These units include alluvial-fan deposits, the Bouse Formation, ancient and modern river deposits of the Colorado River, and windblown sands. The oldest unit is locally-derived alluvial-fan deposits, present only in the subsurface, beneath the Bouse Formation .
The Pliocene Bouse Formation was described in the area by . The Bouse in the map area consists of a basal white marl 3-4 m thick and overlying deposits, at least 15 m in exposed thickness, of interbedded green and yellow clay and silt, and pink sand. Subsurface thicknesses of 57 and 77 m for the formation were recorded in two drill holes south of Sacramento Wash (respectively NE1/4SW1/4NW1/4 sec. 14, and SE1/4SW1/4SW1/4 sec. 11, T.16 N, R. 20 l/2) . The Bouse Formation is widely considered to record deposition in a brackish lake or estuary of the proto-Gulf of California, and to include deltas deposited by the earliest throughgoing Colorado River prior to 3.4-4 Ma (Buising, 1990) .
Overlying the Bouse Formation are locally derived piedmont gravels, and also Pleistocene gravel and sand deposited by the ancestral Colorado River. These ancestral river deposits include interbedded pinkish sand, gypsiferous clay, silt, and clast-supported cross-bedded gravel containing well rounded cobbles and pebbles of quartzite, limestone, and other rock types derived from distant sources. Mammoth remains assigned to Mammuths meridionalis found close to the map area suggest an age of 0.3-1.5 Ma for parts of the gravel and sand unit (Agenbroad and others, 1992; L. Agenbroad, pers. cornmun., 1994) . The sand subunit (Qrg) locally resembles the Bouse Formation. Upper, mostly fine-grained parts of the gravel and sand unit (subunits D and E of were considered by Metzger and others (1973) to be equivelent to the Chemehuevi Formation of Longwell (1936) , which previously had been called the Chemehuevis gravel by Lee (1908) . The Chemehuevi Formation extends discontinuously from Lake Mead to Yuma Arizona, a distance of over 550 km. Bell and others (1978) interpreted the age of the Chemehuevi Formation elsewhere as 0.1-0.2(7) Ma, based on normal paleomagnetic polarity, degree of soil development on underlying alluvial-fan deposits, and Th-U and Pa -U dating of a fossil tusk and overlying soils. River gravel (Qrg) mostly overlies the sand subunit and caps terraces as high as 80 m above the present Colorado River within the map area. The river gravel in turn is capped by locally derived alluvial deposits.
The four mapped units of locally derived alluvium of the piedmont resemble those of the adjacent Mohave Mountains area on the east discussed by Wilshire and Reneau (1992) . The oldest alluvium (Qo) is highly dissected and mostly overlies the river gravels (Qrg). In the northeastern part of the map area, deposits mapped as the oldest alluvium include well-sorted fluvial gravels derived from nearby mountain ranges and deposited along an ancestral Sacramento Wash. 
